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Visualization of 3D Datasets Based on Swept-Volume Display
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Abstract: Based on double-helicoid swept-volume display system, this paper proposes and
implements a 3D datasets volume visualization scheme in real stereoscopic space. Homoge-
nous image space is created by the screen’s rotational scanning. In rendering process, 3D
regular discrete data is subdivided into a series of helicoid slices evenly. Then each data slice
is rendered into an image frame separately. The rendered images are projected into the ima-
ging space in rapid succession through a high-speed projector. By using multi-thread tech-
nique, synchronization between projected images sequence and screen’s rotation is achieved.
Finally the whole spatial image is scanned out layer by layer. The experimental results show
that elements of the presented spatial images are uniformly distributed and well defined. All
three dimensionalities of the images are reserved inherently; this approach offers omni-direc-
tional viewing freedom around the display.
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Fig. 1 Double-helicoid screen
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Fig. 2 Coordinate system of the image space
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Fig. 3 Slicing of the data cube
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Fig. 4 Volumetric display prototype

FOB TG IE FF o AR e A BB
S T A IEMEEEAL . IR A G, bR
BRI AE 600 ~1 200 r/min, Xf W A 44 &
G H R A 10~20 Hz, R JGLR M IE 1 4% 5 Al
WA Bt R AT WM CRAE A TR R G KR
JEE B B L S AT LTE B ARG IR B R AT
KA IR R 2 07 ik A5 21 U1 R BB 4y BER R
1024 X768, EIZ% R 132, & 7 %05 550 355 B 4
J s TCORL IR . = 4 KR B AT RE = A AR R
H—A AR ECYIR . A T AR R 2 B %%
AR 25 3 3 & 290 0 B A 2 50 00 00 1R 2 0
S L8 TR A OCAE 7 B RE L5 3 B R R B S
B B P s sh il 25, A b A
e BT ] Bl A ST R TR A5 S 0 B O B A
N R R BR A A% 304 R IR 8 - 45 28 BEAIL R AL F B
P TARRES ASTIRWEE ST . B’ 5 h—4d
RER T =g ER . B 5 () & — 1§ 4
TR =2 R R B 5 (b J& AR 18
IR . B 5 Ced s (dD 43 il S DA () £ 52 4 45 1Y
A — A~ = 2B SR 0 9 I B8 R s B T O A5
ST 8 A5 1) A N TS 1 = A R

AT F LR s AL, 41 = 4k R iR &R

B 5 Z4EEMGH SR FOR B () 2r FHORL; (b) A4k
JE RS 5 Cod T3 A D0 A I 5 (D A T 4 2 ) R ]

Fig. 5 Photographs of the 3D images. (a) Molecular

model; (b) Abdominal cavity; (c¢) Right side

view of human face; (d) Left side view of human

face.

23 (] H A AN () R B2 1] J) 6] & 3 ol 2 o N IR U %%
SR BILAA B 30 11 11 50 S 3k 2 5l 4 T 422 7 4L ) I
JEH BB REER . RIEAX D X B AR
WEETT I b AR RAMB . BT RGBSR
F8 A gy ORI 3 A il 2 R R A =
Y BRI g — 2 1 35 W1 R R 08 3 1 P A
T AT DL E] L N S (b)) BT R AR . H
TR A 5 75 S A T 9 R R AR R # R RS
FIMRAF 1 S HE

5 & #

TE U e 7 4% 12 e 41 41 50 1 S 7 R 4 i
AR IR T — il = 4R B 3 1 S TR ] AL
Jiik o LA REN] = 4EE G T LI R T
FIAR B9 = 22 (6] A & 878 A S7 T s AT s B
SHEEMR R 7L A g . B AT RS R
KL R T — K R A S8 35 R G RE 1 A0 3 F
Bk, JCBUR (0 = 4 R I R . R R EER
SR ROE R R A AL SR T B AR S A
BN R SR TS B B 5 B R R
A AR A AR NP S — b A e T 5



534 " A 5 i 7N W27 &

Z F X #:

(1] iR = gay TAL [M] Ja 5 RS IRAL . 1999 28-45.

[ 2 ] Lambooij M, IJsselsteijn W, Visual discomfort and visual fatigue of stereoscopic displays: a review [J1. Journalof
Imaging Science and Technology » 2009, 53(3):3-12.

[ 3] Blundell B, Schwarz A. Volumetric three dimensional display systems [ M]. New York, USA: John Wiley &
Sons, Inc. s 2000:3-18.

[ 4] Kim I, Korcvaar E, Hakakha H. Three-dimensional volumetric display in rubidium vapor [C] //Proc. of SPIE,
USA: SPIE. 1996.2650.:274-284.

[ 5] Sullivan A. DepthCube solid-state 3D volumetric display [C] // Proc. of the SPIE, 5291, USA. SPIE, 2004,
5291:279-284.

(61 a3k, F /v 5 5 48 A R BGIT = dsr (R R e i (245 0k [T, & dh 5 27 ,2011,26(1) :100-103.

[ 7] Clifton II T E, Wefer F L. Direct volume display devices [J]. IEEE Computer Graphics and Applications, 1993,
13(3): 57-65.

[ 8 ] Bahr D, Langhans K, Gerken M, et al. FELIX: A volumetric 3D laser display [C] //Proc. of SPIE,2650, USA;
SPIE, 1996,2650:265-273.

[ 9 ] Favalora G, Dorval R, Hall D. Volumetric three-dimensional display system with rasterization hardware [C] //
Proc. of the SPIE ,4297A, USA. SPIE, 2001,4297.1-8.

[10] B3, AT A AR 45 (R =B R IRTE IR R i LI ). % # % £4.2010,18(1):183-189.

[11] Xing J. Gong H, Li L, et al. A highly parallel beam-addressed true three-dimensional volumetric display system
[C]//Proc. of 2010 Symposium on Photonics and Optoelectronics, Piscataway, USA: IEEE Computer Society,
2010:1-5.

[12] Jones M. The production of volume data from triangular meshes using voxelization [ J]. Computer Gra phics Forum ,

1996, 15(5):311-318.





